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[0001] The present invention relates to irt^roved somatic embryogenesis methods suitable for regenerating whole 
plants from tissue culture and more specifically to unproved methods for the obtention of somatic erttvyos via somatic 
embryogenesis using liquid media perse. / ««« 

Backniound 

[0002] Commercialisation of a process making effective use of somatic embryogenesis is considered desirable over 
and economically more attractive than, for example, organogenic doning because of the potential for higher yields of 
plants over comparatively short time intervals. / »»■ 

■ [0003] ft is known that certain plant ceils have the potential to differentiate into whole plants when cultured in aooro- 
pnate plant tissue culture media. Such media typically comprise inorganic salts, a carbon source such as suci^ 
inositol thiamine, and the like. Examples of plant tissue cufture media commonly used are those of Murashige and 
IS Skoog (H/IS medium). Lindsmaier and Skoog. by Gamborg ( B5 medium), and the like. 

[0004] The conposit-on of such plant tissue culture media may be modified to optimise the growth of the particular 
plant cells employed. Almost all plant cells require plant hormones e.g. auxins or auxin-like compounds such as indole 
acetic aad. indole butyric add, naphttialene acetic add. or 2.4-D. and/or a cytoWnin such as benzyl adenine zeatin 
kinetin, or the like. In order to secure optimal growth it may also be advantageous to add vitamins such as nicotinic add' 
so pyridoxine or other components such as coconut milk, caseinehydrolysates and the lilw. 

[0005] In the past, the formation of true somatic embryos has required tine use of cailus material whidi comprises 
undifferentiated conglomerates of cells having very laige vacuoles and smaller, round cells having very small vacuoles 
as the pnmary growth phase material from whrch somatic embryos can tiien be derived. However the use of sud^ 
material as starting material in somatic embryogenesis has many drawbad© and has proven to be of'limtted use in the 
obtention of large numbers of plants having substantially similar phenotype and/or being substantially uniform with 
resped to ptoidy level. Plants originating from callus have a tendency to display somadonal variation andfor non-uni- 
formity witti respect to ploidy level (Chaleff R.S. (1983) Science 219«76-682; UrWn P.J.(1987) Iowa State Journal of 
Researdi 61(4):393-434: De Klerk G-J (1990) Acta Bot. Neerl.39(2):129-144; Karp A. & Bright S.W.J.(1985) Oxford 
Surveys of Plant Molecular & Cell Biology 2:199-234; CustersJ.B.M. etal (1990) Ada Bot. Neerl. 39(2)-153-l61 fcucu- 
mis sativus L); Kysely W. et al (1987) Plant cell Reports 6305^08 (pisum sativum L); Ezura H. (1992) Plant Science 
85:209-213 (cucumis melo); and Kivihaiiu E. et al (1992) Plant Cell. Tissue, and Organ Cufture 28:187-194 (Cydamen 
persicum Mill)]. ' 

applteations make use of callus material in somatic embryogenesis. An example 
WO 90A)1058 to Plant Genetics Inc. describes using callus material to acquire somatic embryos while investigating the 
effect of empfoying a wide range of syrthetic auxins. Callus material is formed or grown from suftable explant matery 
over many weeks of culturing and/or subculturing on solid media. Somatic embryogenesis is then inftiated by transfer- 
ring callus tissue to a medium containing a plant homione such as 2.4-D or an anatogue thereof. No mention is made 
of the ploidy level of somatic embryos, or of the pfoidy level of plants obtained. While the use of callus material in 
sornatic embryogenesis may be helpful in obtaining plants in whteh the obtention of somadonal variants may be inter- 
esting for ennching an available gene pool, it is of littie use for seed merchants or breeders who sinply wish to obtain 
commerdal numbers of plants which have substantially all the same genotype. 

[0007] ft is ad<nowledged that carrot cell lines have been doned from miccodusters composed of meristemabc cells 
fillvl^'^ '^'^^ *° ^"^"^ embryos. (P. Coutos - Thevenot et al. Plant Cell Reports (1990) 8- 805-608) 
[0008] The authors report employing an inWal cell suspensfon from hypocotyls of domestic carrot (Si strains) in a 
plant tissue culture medium comprising the auxin 2.4-D, isolating cell dusters by f iftration. resuspending tiie cell clusters 
in plant tissue cufture medium comprising 2,4-D to increase the duster population density, bansferring cell colonies 
from isolated clusters to a Peti-i dish comprising solid plant tissue cufture medium containing 2.4-D and 1 % bacto-agar 
to induce cell colony forming and depositing them in a 2nd solid medium containing 2.4-D and 1 % bacto-agar around 
a nurse 81 strain callus, dissodating each cell cotony in plant tissue cufture medium containing 2,4-D and subculturing 
the thus djtamed cultures in plant tissue cufture medium containing 2,4-D. TTie subsequent analysis of the cell lin^ 
obtained according to this process revealed that 13 out of 40 cell lines were embryogenic. but most of these lines lost 
their embryogenic potential over time. Only one cell line had a rather constant embryogenic potenb'al over a laroer 
period. According to flow cytometric analysis the latter line was diploid. 

[0009] The present invention provides a method of obtaining somatic embryos in suspension culfcjre whidi is techni- 
cally simple. ftdoesLa. not require the deposftion of cell lines around a nurse callus. The method of the invention allows 
accordingly the production of somatic embryos at a commerdal scale. The somatic embryos accoixling to the invention 
are capable of being used to provide commercial quantities of plants having substantially the same genotype 
[0010] Hftherto somatic embryogenesis has been indicated as a potentially powerful tool in ttie obtention of plants 
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however, the impracticalities of utilising somatic embryogenesis starting from callus material have prevented the suc- 
cessful exploitation of the technology. 

[0011] It has now surprisingly been found that commercial quantities of true somatic embryos can be obtained 
through the employment of liquid culturing techniques per se and without the need to employ solid media and/or callus 
5 tissue. It has also been found that it is possible to increase the biomass of PEMs in liquid media and hence a capacity 
to produce somatic embryos in commercial quantities therefrom. Using such liquid culturing techniques obviates the 
need to employ callus culturing/callus sub-culturing steps and provides for the first time a means of obtaining popula- 
tions of somatic embryos which are uniform with respect to ploidy level. 

[0012] The present Invention provides a method for obtaining somatic embryos via somatic embryogenesis which 
10 substantially reduces or eliminates the risk of obtaining somaclonal variants. 

[001 3] It provides non-Daucus somatic embryo suspension cultures wherein the ploidy level of somatic embryos con- 
tained therein is substantially uniform. 

[0014] The Invention further provides plants having a substantially uniform ploidy (e.g. diploid plants or tetraploid 
plants) derived from somatic embryo suspension cultures having substantially the desired ploidy level. 
75 [001 5] The invention provides a more reliable means of obtaining true somatic embryos in commercial quantities from 
explant material which does not rely on ttie employment of callus tissue and/or employ solid media as essential ele- 
ments of the said means. 

[0016] These and otiier objects of the invention will become apparent from a reading of the following description and 
examples. 

20 

Detailed De^criptlpn 

[0017] The invention provides a method of promoting pro-embryogenic mass (PEM) formation from explant material 
wherein tine PEMs are capable of giving rise to viable, somatic embryos characterised in that non-callus plant tissue is 
25 placed in contact with a liquid plant tissue culture medium including an effective amount of an auxin or mixture of auxins. 
Promoting pro-embryogenic mass (PEM) formation means tiiat PEM formation can be induced and/or PEM biomass 
can be increased. 

[0018] The explant material employed may be dicotyledonous or monocotyledonous plant species. Preferably, the 
explant material is derived from a dicotyledonous plant species. Typically, the somatic embryos are derived from pro- 
30 embryogenic masses (PEMs). structures which are morphologically distinct from callus material and are also Known as 
meristematic clusters. The PEMs have the same ploidy level or ploidy levels as the explant material from which they are 
derived. Thus, where explant material comprising diploid and tetraploid cells is taken from a diploid plant . diploid and 
tetaBploid PEMs resulting ttierefrom may have to be separated out via sieving, cell sorting or tiie like prior to furttier cul- 
turing in liquid medium. 

35 [0019] PEMs comprise substantially differentiated growing plant tissue and can be regarded as precursors of true, 
somatic embryos. Under tiie light microscope (x40 to xlOO magnification) PEMs appear as conglomerates of small, 
round, cytoplasm rich ceils comprising small vacuoles. As such the PEMs of tiie instant invention can be regarded as 
being substantially identical in genetic terms to the parent cells of plants from which they are derived and ultimately give 
rise to true somatic embryos which embryos are recognisable as being bipolar ie having the capability of giving rise to 

40 roots and shoots from meristematic root and shoot tissues. Thus, a viable true sonratic embryo is also one which can 
give rise to at least one plantiet which is substantially identical, genetically speaking, to the explant progenitor cellular 
material from which it is derived, when subjected to appropriate furtiier treatments as commonly employed in tiie art 
[0020] Plant tissue material suitable for use in the metiiod of the invention is explant material which can be obtained 
from any plant organ or part thereof or other suitably differentiated plant tissue eg protoplasts. Such tissue can be 

45 selected from the group comprising stem. leaf, petal, hypocotyl section, apical meristem, ovaries, zygotic embryo per 
Sfi. tuber, vascular bundle, pericycle, anther filament, and the like. Alternatively, a suitable explant material can be the 
somatic embryo qsl ss. The plant tissue can be taken from any plant species of interest and includes plant tissue 
selected from monocotyledonous or dicotyledonous plants. A selection of plant types of interest can be found in tiie 
Handbook for Seedling Evaluation. J. Bekendam and R. Grob, ISTA, Zurich. Switzeriand 1979 on pages 28 - 29 and 

50 furtiier exemplified at index pages 122 - 126, herein Incorporated by reference. Prefered plant types include those 
selected from tiie group comprising Cyclamen. Cucurbits. Lycopersicons, preferably table or edible Lycopersicons, Alli- 
ums, Begonias. Betas. Primulas, Brassicas, Capsicums. Cichoriums. Gerberas. Impatiens. Lactucas, Oryzas, Pelargo- 
niums, Petunias. Violas, and Zeas. Most prefen^ed are plant types selected from the group comprising Cyclamens, 
Cucurbits. Betas such as Beta vulgaris (sugar beets), Brassicas such as B. oleracea or B. napus. Violas. Pelargoniums. ^ 

55 and Capsicurr^. 

[0021] The liquid plant tissue culture medium suitable for use in tiie method of the invention can be any liquid plant 
tissue culture medium which is suitable for inducing and/or promoting embryogenesis. Examples of basic media com- 
monly employed in tiie art include Gamborg's B5 medium (B5), Murashige and Skoog medium (MS), and variants 
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[0022] The present invention contemplates that a sufficient amount of auxin capable of Inducing PEM formation be 
added to a suitable liquid culture medium containing explant or other suitable starting material in an initial induction 
phase, and that after such an initial induction phase, a further suitable liquid culture medium capable of promoting PEM 
growth and multiplication Is employed in which auxin(s) concentration(s) are replenished at suitable intervals. It is 
accordingly advantageous to monitor the auxin concentration over time, using e.g. standard HPLC techniques known 
in the art to ensure that the development stage of the suspension is fixed at the PEM level. It is also important not to 
add too much auxin{s) to the plant tissue culture medium to avoid possible toxic side effects of the auxinfs) and yet 
maintain the PEMs In a viable state. 

[0023] The liquid plant tissue culture medium for PEM growth and multiplication can be the initial induction phase plant 
tissue culture medium In which the auxin concentration and/or other essential components are simply replenished at 
surtable intervals such that the Induction and promotion phases of somatic embryogenesis are able to take place- the 
initial Induction phase medium can also be replaced by fresh plant tissue culture medium containing appropriate auxin 
concentrations at suitable intervals, whereby ttie liquid plant tissue culture medium may be the same or different from 
the appropriate but different liquid plant tissue culture medium initially employed. Thus, it can be appreciated that the 
actual plant tissue culture medium or media types employed are not critical to the invention provided tfiat they are liquid 
and capable of being employed in Inducing and/or promoting PEM formation in tiie presence of appropriate auxin con- 
centration. 

[0024] It can also be readily appreciated that ttie necessary auxin concentration will vary from plant species to plant 
20 species and may vary from plant variety to plant variety The type and concentration of auxin giving tiie optimum results 
for a given variety, can be determined by standard tests. Depending on the plant variety it may be advantageous to 
employ a mixture of auxins. Examples of auxins and auxin-like compounds suitable for use in the method of the Inven- 
tion Include Indole acetic add. indole butyric acid, naphtiialene acetic acid and mixture thereof. The auxin level is main- 
tained at such a concentration so as to promote the growth and formation of PEMs. 
25 [0025] The auxin concenfratlon is preferably maintained at a concentration of from about 0.1 mg/l to about 30 mg/l 
depending on PEM numbers or biomass and plant species of interest. A surtable mixture of auxins can Include NAA and 
2,4-D at appropriate concentrations. The effective auxin concentration of naphthalene acetic acid (NAA) will in general 
lie In the range of from about 0 - 20 mg/l and that of 2.4-D In tiie range of from about 0.1 mg/l up to about 10 mg/l. 
depending on plant species of interest. For example, cyclamen PEMs do not require the presence of NAA but do require 
30 the presence of 2.4-D at an initial concentration of from about 5-1 0 mg/l; lycopersicon PEMs have been found to require 
NAA at an initial concentration of 20 mg/l and 2.4-D at an initial concentration of 1 mg/l. 

[0026] Depending on tiie plant variety and plant tissue culture medium employed, it may be advantageous to add a 
non-phytotoxic amount of cytoWnin to tiie auxin containing medium to facilitate the auxin uptate. 
[0027] The Invention also provides a method of obtaining somatic embryos off substantially the same ptoldy \e^e\ In 
35 suspension culture which comprises: 

i) Culturing explant material in contact witii a liquid plant tissue culture medium comprising an effective amount of 
auxin or mixture of auxins sufficient to promote tiie induction of pro-embryogenic mass (PEM) formation; 

40 it) Multiplying the number off PEMs obtained in Q in contact with a suitable auxin containing liquid plant tissue culture 
medium; 

ill) Collecting PEMs obtained in ii) and placing them in contact wrtii a substantially auxin free liquid medium; and 
45 iv) Collecting embryos derived from the PEMs generated in iii). 

[0028] Steps i) and ii) of this method have been discussed hereinabove. They can for example be carried out as fol- 
lows: 

[0029] Explant material is placed in a suitable liquid medium, such as B5 medium or MS medium, containing an auxin 
so or a mixture of auxins at a concentration of from about 0.1 mg/l to about 30 mg/l depending on species of interest, and 
which is effective in inducing PEM formation. The explant material is cultured at a suitable density of from about 0.01 
grams fresh weight/I to about 100 grams fresh weight/I culture, preferably from about 1.0 gram fresh weight/I to about 
10 grams fresh weight/I for a period of time measured in weeks, during which time PEMs appear. The period of time 
can lie between from about 2 weeks up to about 14 weeks or more, typically from about 4 weeks to about 8 weeks 
depending on plant species of interest. Typically, PEMs obtained are separated out from tiie initial explant material cul- 
ture, for instance, tiirough medium dilution or medium replacement and furttier cultured on tiie same or a similar fresh 
liquid medium. 

[0030] The PEMs obtained are capable of entering a growing or multiplying phase immediately under ttie same or 
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similar ambient conditions to those required for Induction of PEM formation. Fbr convenience, this phase is referred to 
as a multiplication phase herein since increases in PEM numbers or PEM biomass are monitored and are seen to grow. 
[0031] After induction of PEM formation is observed the liquid plant tissue culture medium is monitored such that 
auxin concentration Is maintained at a level sufficient to promote PEM growth and multiplication without significant PEM 

5 development. The multiplication phase may involve sub-culturing in regular dilutions of liquid plant tissue culture plant 
tissue culture medium of choice such that auxin levels are controlled at a level sufficient to promote PEM multiplication 
for a suitable time interval. Alternatively, PEMs may be separated from the initial explant material culture and placed in 
an auxin containing plant tissue culture medium and simply permitted to multiply to a desired PEM biomass by using a 
fed-batch or a continuous culture system. Typically, this involves maintaining tiie auxin concenti^ation above a level of 

10 about 0,1 mg/l for a period of time. The period of time fbr the multiplication phase can be measured in years depending 
on how many PEMs are required fbr converting Into true somatic embryos, however, usually the nnultiplication phase Is 
measured in montiis or weeks, such as between about 2 to about 30 weeks depending on the amount of PEM biomass 
required. Once in tiie multiplication phase PEMs can be collected at any time fbr placement into substantially auxin-free 
plant tissue culture medium where they can then proceed to develop into t^ue somatic embryos. This can involve sieving 

IS out as described herein ie selecting PEM fractions of a certain size which can pass through suitably sized sieves, (eg 
a 150 pore sized sieve) but are retained on a smaller sized sieve (eg a 100 mm pore sized sieve). 
[0032] The PEM formation and multiplication is advantageously influenced by supplementation of a suitable carbon 
energy source, convenientiy a soluble carbohydrate such as sucrose, glucose or raffinase, to tiie liquid plant tissue cul- 
ture medium. 

20 Typical cart30hydrate concentrations lie in the range of from 15 g/1 to 90 g/1. preferably of from 20 g/1 to 60 g/1 of plant 
tissue culture medium. 

[0033] The multiplication phase can be performed in flasks or in a bioreactor. Bioreactors are known in tiie art fbr cul- 
turing of cell suspensions fbr tiie manufacture of secondary cell metabolites, however, tiie use of bioreactors fbr PEM 
culturtng has not been described hitherto. We have found tiiat bioreactors can be useful in tiie production of very large 

25 numbers of PEMs in relatively short time Intervals. 

[0034] Fbr convenience, packed cell volumes from PEM suspension cultures are inoculated into a suitable medium 
containing a sufficient amount of a suitable cartx)n energy source, such as, for example sucrose, glucose and raffinose 
at between about 15g/l up to about 90g/l or more, preferably between about 20 g/1 to about 60 gTl, depending on tiie 
PEM species of interest, in a suitable bioreactor. Preil W. and Beck A. [(1 991 ) Acta Horticulturae 289, Plant Technology: 

30 1 79-192] describe somatic embryogenesis In bioreactors using vibromixers, however, tiiere is no indication in that study 
that PEM formation and multiplication is carried out prior to the development of PEMs into somatic embryos. The use 
of vibromixers in bioreactors on PEM suspension cultures has been found to significantly increase the life span of PEMs 
over time, help increase the PEM biomass. reduce PEM biomass foss and prevent clumping of PEMs. A vibronrrixer fit- 
ted with a perforated mixing plate or stirring disc (availat)le from Applikon BV, The Netherlands and Chemap AG. Swit- 

35 zerland, respectively) positioned in a fixed plane in a bioreactor and permitted to vibrate substantially in that fixed plane 
has resulted in PEM suspension cultures being mixed or stirred without significant loss in PEM biomass. 
[0035] Preferably, tiie vibromixer is vibrated in substantially tiie vertical plane. A typical operation frequency of a vibro- 
mixer for use in tiie method of tiie Invention is 50Hz; tiie amplitude is convenientiy In the order of ± 6 mm or less. Once 
a PEM biomass Is attained which is capable of giving rise to a desired number of somatic embryos, tiie PEMs can be 

40 placed in contact with a substantially auxin free liquid plant tissue culture medium in which tiiey are able to develop into 
somatic embryos. 

[0036] The PEM suspension is advantageously aerated. This can be effected in a manner known per se. Where a 
vibromixer is employed, tiie air can for example be sparged into the vibromixer reactor employing a porous sparging 
device. 

45 [0037] It follows from the above and tiie examples tiiat the optimum conditions for the various parameters such as 
type and concentration of the auxins, the presence of a cytokinin. tiie energy (caitohydrate) source, tiie stirring or vibra- 
tion frequency, tiie oxygen supply, the light intensity and wavelengtti will vary depending on the plant material employed. 
Such optimum conditions can be determined empfoying standard tests (as illustrated in tiie exannples). The subsequent 
steps iiO and iv) of the method of obtaining somatic embryos according to tiie invention, may be carried out as follows: 

so [0038] The promotion of PEM development to somatic embryos can be achieved by placing tiie PEMs in an auxin free 
plant tissue culture medium. The viable PEMs are capable of developing into somatic embryos. Prior to the transfer in 
an auxin free medium, tiie PEMs are advantageously sieved, e.g. tiirough nylon mesh, to select tine PEM size fraction 
generating most efficientiy the desired somatic embryos. A too high content of non-viat)le PEMs will inhibit somatic 
embryo formation. In general it is desirable to employ PEMs comprising at least 5 %, preferably at least 10 %. more 

55 preferably at least 1 5 % of viable PEMs. The optimum size fraction can be determined by standard screening tests. 
[0039] The PEMs of a selected size can be collected by for example sieving or any otiier size sorting means in tiie 
art. The skilled addressee will appreciate that the size of desirably sized PEMs (i.a. the PEM fraction having a high con- 
tent of viable PEMs) will vary from species to species as detailed herein. 
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P^Ms through a filtering means such as net 
meshes of taiown pore size, eg a nylon mesh in o«ler to obtain PEMs within a given size range PEMs can be of aX 

of the PEMs IS cntcal to the obtention of single somatic embryos derived therefrom.Vreferably. a coHecTed ?EM fr^? 
Nri^.T ''".r' ^^i" * °* *° «"bryo under a^SSS7con^tiS 

XS^; PEwt^S; w^^H ''"^ ''^Mfr«<=«iO" varies from plant speciestoplant^e<?es. PoTS^ 
1^ r^th^M f J r *^,<*^<^""*er IS the one where the size of the PEMs is between about lOOum - to about 
ISOum; the PEM fraction for cyclamen from about 150nm to about 300um In a Drefement. iha PHU fr«*«n iT^^- 

i^i substantia^ auxin free liquid plant tissue culture medium is one which is capable of permitting PEMs to 
d^relop .nto somabc embryos. Thus it is contemplated that the substantially auxin free liquid ptert Se cu£re 

:^Sh T '^.'^ r f ^«^"al levels <S S Cbe1?«SS 

which auxin levels, rf any. do not substantially interfere with the development of PEMs Into 6omatic^Klr^<^ 

free plam tissue oulture medium can be placed either in a flask or in a suitable bioreactor. for example one fittXZ 
^o^Z depend.!^ on how many somatic embryos are desired. Somatic embryos obtained iTtS^ be^eJeS 

K s nlllf <S." ""TH ''^T^ conveniently a soluble carbohydrate energy source at a concentration of 
rSf^ ^'"^^ 

fS^MO mZT2?™TSL^'*'^ """^'^ '^^^ "^'"^ ^ 500)- to several millions 

(eg 3.000 000) or more depending on requirements of the customer. For instance, if a requirement s for about 200 om 

medium where they can develop into somatic embryoa cunure 
^^LS^^l substantially auxin free plant tissue culture medium thev can be 

somatic embryos are conveniently separated from the non-viaWe PEMs prior to commercial use TOs can 
embryos can for example be isolated manually, by sieving or cell sorting 

'"JLllf^" eiTibodlment of the invention there are provided batches of somatic embryos comprislna somatic 
embrj«swhid,havesubstantiallyallthesameploidyla,el.Bat^^^ 

hundreds to tens of ttiousands or more depending on commercial requirement. PreferS^ SrtS^TS 

' "^^'^ °^ ''^^ somatic emSSS? ^jS. S 

somatic embryos can simply be a suspenston of somatic embryos from which liquM media has been dta In2i 
thesomatic«nbry|^eptecedinasui^^ 

;il'r!rf T"' T "^'^ ^ « «»' ^^^re above 0-C. up to Zut ^-5 S^t ' 

flSZf^ "P to * AHernatively, the soi;a»c embr^ 

jected to a desiccation process, frozen, pelleted, encapsulated in a gel and the like may oe sub- 

T^^.''"^^°"P''°v'<*esfurthersomaticembryosuspensionculturesdiflerertfrw comnrisina somatic 

embryos having substantially all the same ploWy level. Preferred somatfcembr^ 

embryos are denved from dicotyledonous or monocotyledonous explant material o^^erafMow. The somatic 

There now foltow acamples illustrating the invention. K is to be understood that the exanples are not to be viewed as 
limiting the scope of the Invention in any way. not ro oe viewea as 

Examptol : Initiatton of Embryogenic Cyclamen Cell Cultures and Somatfc Embryos therefrom 

[0048] Seeds of Cyclamen variety " Concerto Scarlet " (Sluis and Groot) are surface sterilised with 70% ethanol ffor 
2 minutes) and with a 1 .5% solution of sodium hypochlorite (for 45 minutes), then washed thoraugT y w^s^Me 
(3x) The seeds are germinated on moist paper for between 2-4 weeks at 23=C, and the emeSi is^^?- 
«<plant material. Three tubers are cultured in 10 ml of basic B5 medium (commerci^y J^ilSL S SiSl kS,^ 
mie BV, Haarlern. The Netherlands), supplemented with 20 g/l sucrose. 10 mg/l 2.4-0 100 mgfl Z.irS57l 0^ 
nicotnic acid 1 .0 mg/l pyrkloxine HCI. 10 mg/l thiamine HQ on a rotary shaker^GlO gyrorotary shX Z^BrunsS 
Scientrfic Edi«,n. N.J USA) at 100 rpm in the dark, at 23'C. After 7 iys the medium is r JSStS^^^^^^ 
Afterafurther7days. the cultureisdiluted(5x)toavolumeof 50 ml with fresh medium. AfterSfurtherfC^^ 
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piths comprising vascular bundles and pericycle of the tuber explant material from the diluted culture are separated 
from the tuber explant material and sub-cultured apart from the rest of the tubers in 25 ml of basic B5 medium supple- 
mented with 20 g/l sucrose, 100 mg/l myo-inositot, 1 .0 mg/l nicotinic add, 1 .0 mg/l pyridosdne HCI, 1 0 mg/l thiamine HQ, 
5 mg/l 2,4-D, and 1 mg/l Wnetin. The subcultures are diluted weekly two fold, for 4 weeks. Pro-embryogenic masses 
5 appear at about 4 weeks. PEMs are multiplied by further sub-culturing as described above for a period of 2 weeks. 
PEMs are able to develop into viable, true somatic embryos by further culturing on auxin and cytokinin free B5 medium, 
supplemented with 20 g/l sucrose. 100mg/l myo-inositol, 1.0 mg/l nicotinic acid. 1.0 mg/l pyridoxine HCI. 10 mg/I thia- 
mine HO. 

10 Example 2 : initiation of Embryogenic Cyclamen Cell Suspension Cultures and Somatic Embryos therefrom. 

[0049] Cyclamen seeds (cv Concerto Scharlaken Othello, of Zaadunie BV) are surface sterilised with 70% ethanol 
(for 2 minutes) and 1 % sodium hypochlorite solution (for 45 minutes) and washed thoroughly witii sterile water (3x). The 
seeds are germinated on moist paper for between two to five weeks in the dark at 23°C. Emerged tubers are used as 

IS explant material and cut into between two to eight pieces. Ploidy level of the explant material is measured according to 
the teaching of De Laat A.A.M.6t al (1987) Plant Breeding 99: 303-307, and found to be diploid. 
[0050] Explant material from three tubers is cultured in 10 ml of basic B5 medium (Duchefa Biochemie BV. Haarlem. 
The Netherlands) supplemented with sucrose at 20 g/l, 2,4-dichlorophenoxyacetic acid at 5 mg/l, and kinetin at 1 mg/t 
in a 50 ml flask on a rotary shaker (100 rpm) in tiie dark and at a temperature of 23°C. All flasks are covered witii alu- 

20 minium foil. After one week the culture is diluted five fold with basic B5 medium supplemented witii 20 g/l sucrose, 5 
mg/l 2.4-D, 100 mg/l myo-inositol, 1 ,0 mg/l nicotinic add, 1 ,0 mg/l pyridoxine HCI. 10 mg/l tiitamine HCI and 1 mg/l kine- 
tin to a volume of 50 ml in a 250 ml flask After a further two weete the culture contains PEMs which are separated from 
the rest of the culture witii a pipette having a wide nozzle, and cultured separately. PEMs are identified visually as cell 
clumps consisting essentially of small, round, cytoplasmic ceils. At tills stage PEMs are eitiier identified as single 

25 clumps of cells or a number of clumps of cells attached to each other. The cultures are subcultured every two weeks by 
inoculating 1 ml of packed cells in basic B5 medium supplemented with witii 20 g/l sucrose, 5 mg/l 2,4-D, 1 00 mg/l myo- 
inositol, 1 ,0 mg/l niootinic acid. 1 ,0 mg/l pyridoxine HCI. 10 mg/l thiamine HCI and 1 mg/l kinetin to a final volume of 50 
ml, in a 250 ml flask using a pipette having a wkJe nozzle. Packed cell volume (PCV). ie total cell mass after centrifuga- 
tion for PCVjnjtiai and PC\/fma\ 'S determined by centrifuging samples from cultures for 2 mins. at 700x g. The embryo- 

30 genie cell line generally grows with a doubling time of between about 4 to 6 days as calculated from measurements of 
PCVinhiai and PCVfinai using the formula of Schlegel, H.G. (1981) Allgemeine Microbiologie, Thieme. Stuttgart, page 
190. The embryogenic cell line obtained in tiiis way is maintained for at least 45 weeks and Is genetically stable, ie the 
ploidy level is diptold, the same as that of tiie original explant material. 

[0051 ] PEMs are selected by sieving ttie PEM culture through nylon meshes having a pore size of 250jim and 1 0O^un 
35 respectively. Eight days after subculturing tiie highest number of PEMs/ml is achieved. This fraction gives rise to optimal 
embryo development and tiie highest number of embryos per PCV of tiie PEM culture. The number of PEMs sieved 
generally ranges from 1000 to 5000 PEMs/ml PCV. 

[0052] After sieving, PEMs are washed and Inoculated into development medium, ie MS or B5 medium supplemented 
witii sucrose or glucose to a concentration of 1 74 mM. 25 to 50 PEMs/ml are cultured in a flask sealed with aluminium 
40 foil and nescofilm (Bando chemicals Ind. LTD, Japan). After three to four weeks torpedo shaped embryos are formed 
which resemble zygotic embryos. Using tills method 250,000 embryos are produced. Employing flow cytometrical anal- 
ysis techniques as described by De Laat A.M.M. supra on a random sample of tiie embryo culture, DNA content of 500 
somatic embryos is assessed. All embryos are found to be diploid. 

[0053] Conversion (ie germination) of cyclamen embryos comprises tuber fornriation followed by adventitious root for- 
45 mation and is induced by culturing the embryos on a liquid medium ie MS or B5 medium having a glucose or sucrose 
content of about 1 16 mM or 58mM respectively Tuber formation is defined as tiie development from the hypocotyl of a 
tuber or tuber-like sti'ucture. Furtiier development of the cotyledon forming the first leaf can occur eitiier in liquid 
medium or on solid medium such as perlite, sterilised sdl and the like. 

[0054] Converted embryos are sown directiy on perlite or potting soil, under sterile conditions (in the presence of a 
50 caibon source) or under non-sterile conditions (no carbon source added) and show cotyledon formation after two to four 
weeks in tiie dark at 18° to 20''C. A high relative humidity of about 90% Is employed. Over 90% of embryos convert to 
the cotyledon stage under sterile conditions. Once tiie cotyledon appears resultant plantiets are placed in tiie light and 
hardened before transfer to ttie greenhouse. 

55 Example 3 : Initiation of Embryogenic Tomato Cell Cultures 

[0055] Seeds of tomato variety, " Manhattan " (Sluis and Groot) are surface sterilised with 70% ethanol ( for 2 minutes 
and a 1.5% solution of sodium hypochlorite for 15 minutes then washed ttioroughly witii sterile water (3x). The seeds 
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aregerminated on moistened paper over 3 days at a temperature of 23«C. Complete seedlings are collected and each 
seedling « cut into 4 paces which are then used as explant material. 10 seedlings are cut up in this manner and are 
incubated in 15 ml of liquid basic B5 medium (commercially available from Duchefa Biochemie BV. Haarlem The Neth- 
erlands ) supp emented with sucrose at 20 g/l, 20 mg/I NAA. 1 mgfl 2.4-D. 1 mgfl Wnetln. 100 mgA myo-ino^ l 3l 
5 n^^t-n^ acKl 1 mg/l pyridoxine HCI. and 10 mgrt thiamine HCI on a rotary shaker at 100 ^m atS • CunSJacyclSe 
16hrl.ghtpenoda^ 

nquestoiown in the art. Once the auxin concentration falls to below 0.1 mg/l. after about 7 days, 15 ml of fresh basic 
B5 medium (commercially available from Duchefa Biochemie BV. Haarlem. The Netherlands ) supplemented with 
sucrose at 20 g/l. 20 mg/l NAA, 1 mg/l 2.4-D. 1 mgfl kinetin. 100 mg/l m>o-inositol. 1 mg/l nicotinic aTl S^lJid^ 
,0 -neHCUndlOmg^thfemineHaisaddedtomakeupthevolumetoaOmlrt 
™il ^"^"^ ^« ^ 5 minutes art 

matenal pro-embryogenic masses (PEMs) are observed. PEMs are multplied by further sub-culturing as de^ed 
above for a penod of 2 weeks. The PEMs are further subcultured on auxin free basic B5 medium siwtonS^S 
IS above excluding NAA. 2.4-D and kinetin and true somatic embryos are observed. supplemented as 

6fflinRlg4; Initiatkxi of Embryogenic Tomato Cell Cultures 

l^nJn^^^ -H^^T ^°t!"?!f '® *"'««*"y sterile water (3x). The seeds 

are gemiinated on moistened paper for 7 days at a temperature of 230C in the dark. Cotyledons are coll^ed and cut 

lU^i^I^^.* ^"^^ f ^'t"* ® Of 3 seedlings are cut up in this manner and are incubated 

mm «?5?o"^ Ji'^^Jf supplemented with 4 mg/1 2.4-D and 0.5 mg/l kinetin on a rotary shaker aMOO 

IS added. The culture is sub-cultured every 14 days by diluting 2x in fresh medium A (see Table 1). supplemented witf^ 
hormones as above About 4 weeks after initial cuKuring of explant material PEMs are observed. PEMs are IffipS 
by further sub-culturing as described above. ovr, «io murapiiea 
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Table 1 



5 


Composition of medium A 
Macro elements 






g/i 




NH4NO3 


1.20 


10 


(NH4)2S04 


0.66 


KH2P04 


0.55 




KN03 


1.01 




MgCla^GHgO 


0.30 


15 


CaCl2 


0,22 




Citric Add 


0.5 




Sucrose 


20 




Micro elements 


2mlstOGksolution/l 


Vitamins Qamborg B5 (1mg/l) 


1 ml stock solution/1 




pH adjusted to 5.8 using KOH (1 M). 

... • 




Micro elements (Stock solution) 


25 




g/i 




FeS04.7H20 


6.9 




CUSO4.5H2O 


0.65 


30 


C0CI2.6H2O 


0.12 


MnCl2.4H20 


2.97 




NaMo04.2H20 


0.24 




Kl 


0.041 


35 


HBO3 


1.5 




ZnS04.7H20 


4.3 




NiS04.6H20 


0.39 


40 


citric acid 


2 




pH = 2.3 
g24 

Vitamins Gamborg B5 (Duchefa); stock solution supple- 
mented with: 


45 


myo-Inositol 


100 g/l 




Nicotinic acid 


1 g/i 




Thiamin-HCI 


1 g/l 



50 

Example 5 : Initiation of Embryogenic Cucumber Ceil Suspension Cultures and Somatic Embryos therefrom. 

[0057] Seeds of cucumber variety " Pandorex ** (Sluis and Groot) are surface sterilised with 70% solution of ethanol 
(for 2 minutes) and a 1 .5% solution of sodium hypochlorite (for 45 minutes), then washed thoroughly with sterile water 
55 (3x). The cucumber seeds are germinated on moistened paper for 2 days at 23^ C. The emerged radicle from the seed 
is used as explant material. 15 radicles are cultured in 10 ml of basic liquid MS medium plus vitamins (commercially 
available from Duchela Biochemie BV. Haarlem, The Netherlands) supplemented with sucrose at 20 g/l, 2 mg/l 2,4-D 
and 1 mg/l kinetin on a rotary shaker at 100 rpm in the dark at a temperature off 23" C. The culture medium is monitored 
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10 



15 



l!! 5 d^ th r ^ ^- "'^ concentration falls to < 0.1 mg/l. after 

efa Biochemie BV, Haarlem. The Netherlands) supplemented with sucrose at 20 g/i. 2 mg/l 2,4-D and 1 mo/l kinetin 
enures are sub<u«ur^ forbnighfl^ 

ZT^r^r^^^T^ ^S"!™" "^^ Netherlands) sipplemented with sucLe at 20 g/I ?^ 2 

and 1 mg/I kineiin. 8 weeks later pro-embryogenk: masses appear. 

■"l®r^'^,*y'»"^es are then further subcultured by inoculating 0.4 ml of packed cell volume in 50 ml every two 
ber cell hne is about 2.7 days as detemiined using the fbmiula of ScMegel (supra). PEMs are selecled by sia^rthe 

Z^^JZ^ ^"^^'^ ^-^^^ PCV of the PEM culture. The PEI^ 

*PJ°"* °' '"P'o" tetraploid cells remains const^ ovS 

SThS S nr^rfTAT T1 'lf"PP'«'"«"t«' wi* 10 mg/l 2.4-D and 0.5 mg/l Wnetin. as meSurXX 

20 SE£^ ManiP"te«"' ^ Embryogenic Cucumber cell lines to obtain 100% dipkM or 100% tetraplokl suspension 

« l^lL^f °l 1!f ^ ^'^ P**^ ^ ^3 week old cell suspension initiated according 

2 S !iTS?S ♦ p ' ^■Jf^^'^"'^'^ °* *e individual PEMs Ibr the ploidy level follo«*ig the method dTS 
et ^'dSS'JPJ"* Breeding 99. 303-307 shows that the PEMs are either 100% diploid or lOoS tetraplokTFith^r a.1 

as desCTibed in Bample 5 gives rise to cell Enes consisting of 100% diptoid or 100% tetraploid cells as deterntin^ 

using the method of DeUatetal. supra. Diploid PEMs give rise todiploid embryos and diptoWplarSr^ 
30 give rise to tetraploid embryos and tetraploid plants. ""'PwwpiamB. letrapioKiPEMs 

^^^"^'^ '^«"'P"'**'o" Embryogenic Cucumber ceU lines to obtain 100% diptoid or 100%tetrapk)id suspension 



0 fflcample 3 Ovaries <rf about 1 cm in size are used as explant. Measurement of the ptoidy level fbltowing tt^e m^ 

SemSTv H^Sm ^^^^ T"^ (oommercia.y'^lable fISm Si^S^S 
Biochemie BV, Haarlem. The Netherlands) supplemented with sucrose 20 g/l. 2 mg/l 2.4-D and 1 mg/l kinetin on a 

jTr^J^^^l^^ T'" ^ '^^ '^^'^ falls to < 0. 1 mg/l. after about 5 day? tSe 

cultire IS diMed 5xto 50 ml with basic liquid MS medium plus vitamins (commercially avail^^ f rom Du^^ 
mie BV. Haarlem, The Netherlands) supplemented with sucrose 20 g/l. 2 mgfl 2 4-D and l3 WneHn c!lr^rt 
sub^ltured fortnightly by diluting the culture 2x with MS medium suSlemSd as alS«. 
[006^ 8 weeks later pro-embryogenic masses appear. The PEM cultures are subcultured as described in examole 5 
IZt"^ X ^^PP'T'^ 2,4-D and 0.5 mg/l Wnetia 0.4 ml of packed cell vSumSEu 

lated >n 50 ml o^ medum A supplemented with 10 mg/l 2,4-D and 0.5 mgfl kinetin. The doubling time of the airrSer 
cen line IS about 2.7 days in medium A (Table 1) as determined using the formula of Schlegel (sipJJ. The pSSC 

selected by sieving the culture through nylon mesh for PEMs between 100-1M ^m in size. PEMs are Setoped irto 
true somate embryos byculturing selected PEMs on auxin and cytoWnin free MVmedium supplemer^SSlC 
sucrc^a Using this method 200.000 embryos are produced in Ibur weeks from PEM cufture. Se pZTlT^^^ 
somatc embryos selected at random are aH found to be diploid using the method of De et al sijlra 

55 Efflmpigg; Maintenance of stable PEM suspensions with respect to pkAly level. 

SSSf' n^"*""*!!''!'^. niedium A (Table 1). supplemented with 10 mg/l 2.4-D and 0 5 mg/l 

kinetin. Dunng subcultunng maao elements and mtero elements are held in excess at each subailturing SJ, to TSi 
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requirements such that shortages of these elements does not occur during the subculturing interval (le 2 weeks). Auxin 
levels (ie 10 mg/l 2,4-D) are maintained in the same way. Kinetin (ie 0.5 mg/l) Is added to the medium at the beginning 
of subculturing and allowed to deplete from the medium in four days. Monitoring the auxin concentration over time using 
standard HPLC techniques known in the art ensures that the developmental stage of the suspension is fixed at the PEM 
5 level. Embryogenic diploid PEIVI suspensions are maintained for up to 2 years in medium A (Table 1) supplemented with 
10 mg/l 2,4-D and 0,5 mg/l kinetin and show a stable ploldy level. Embryogenic tetrapfoid PEM suspensions are main- 
tained Ibr 6 months showing a stable ploidy level. This ploidy level is maintained until embryo development is initiated. 

Example 9: Initiation of Embryogenic Sugarbeet PEM Suspension Cultures and somatic embryos ttierefrom. Seeds of 
10 sugarbeet (Hilleshog AB. Sweden) are surface sterilized with 70% solution of etiianol (for 2 minutes) and a 1 .5% solu- 
tion of sodium hypochlorite (for 45 minutes), then washed thoroughly with sterile water (3x). The sugarbeet seeds are 
germinated on moistened paper for 7 to 14 days at 23'' C. The cotyledons from germinated seeds are used as explant 
material. 6 cotyledons are cultured in 10 ml of liquid medium A (Table 10 supplemented with 10 mg/l 2,4-D and 0,5 mg/l 
kinetin on a rotary shaker at 1 00 rpm in the dark at a temperature of 23°C, TTie culture is diluted 5x with liquid medium 
IS A (Table 1) supplemented with 10 mg/l 2,4-D and 0,5 mg/l kinet into 50 ml after one or two weeks. Cultures are sub- 
cultured fortrvghtiy by diluting ttie culture 2x witti medium A (Table 1) supplemented as above or by replacing tiie 
medium with fresh medium A supplemented as desaibed above. After 4 to 6 weeks somatic embryos appear on the 
explant tissue. The embryos are picked off the explant and cultured separately 4 weeks later cultured embryos produce 
PEMs The PEM cultures are furtiier subcultured by replenishing with medium A of Table 1 supplemented with 10 mg/l 
20 2.4-D and 0.5 mg/l kinetin. 

[0065] PEMs are collected by sieving tiie PEM suspension first on nylon mesh having a pore size of SOO^xm and tiien 
on nylon mesh having a pore size of 1 0O^im. The PEM fraction 1 00-500 ^m generally gives rise to predominantly single 
somatic embryos. The PEMs are cultured on auxin and cytokinin free medium A supplemented as above and develop 
25 into true somatic embryos. 

Example 10 : Initiation of Embryogenic Pepper PEM Suspension Cultures. 

[0066] Seeds of pepper, (cv Qedeon of Sluis en Groot) are surface sterilised witii 70% solution of ethanol (for 2 min- 
30 utes) and a 1.5% solution of sodium hypochlorite (for 45 minutes), tiien washed tiioroughly with sterile water (3x). The 
pepper seeds are germinated on moistened paper for 7 to 14 days at 23*" C. The cotyledons from the germinated seed 
are used as explant material. 6 cotyledons are cultured in lOmlof liquki medium A (Table 1) supplemented witii 10 mg/l 
2,4-D on a rotary shaker at 100 rpm in the dark at a temperature of 23^C. The culture Is diluted 5x to 50 ml after two 
weeks. Cultures are sub-cultured fortnightly by diluting the culture 2x as described above or replacing the medium by 
35 fresh liquid medium A (Table 1 ) supplemented with 1 0 mg/l 2.4-D. After 2 to 4 weeks embryos appear at the cut edges 
of the explant. The embryos are taken off the explant and removed from ttie culture and subcultured on lk|uki medium 
A (Table 1) supplemented witii 4 mg/l 2,4-D and 0.5 mg/l Zeatin. 4 weeks later pro-embryogenic masses appear. PEMs 
are multiplied t)y further sub-culturlng as described above. PEMs are collected by sieving ttie suspension as described 
in example 5. The fraction 100-500 ^m gives rise to predorrunantly single somatic embryos. The PEMs are cultured on 
40 auxin and cytokinin free medium A (Table 1). 

Example 11 : Initiation of Embryogenic Viola PEM Suspension Cultures and somatic embryos tiierefrom. 

[0067] Seeds of Viola, (cv Delta violet of Sluis en Groot) are surface sterilised witii 70% solution of ethanol (for 2 min- 
45 utes) and a 1 .5% solution of sodium hypochlorite (for 30 minutes), tiien washed thoroughly with sterile water (3x). Viola 
seeds are germinated on moistened paper for 7 to 1 4 days at 23"" C. The cotyledons from the germinated seed are used 
as explant material. 6 cotyledons are cultured in 1 0 ml of iKjuid medium A (Table 1 ) supplemented with 4 mg/l 2,4-D and 
0.1 nig/I kinetin on a rotary shaker at 100 rpm in the dark at a temperature of 23'' C. The culture is diluted 5x with liquid 
medium A (Table 1) supplemented with 4 mg/l 2,4-D and 0.1 mg/l kinetin to 50 ml after two weeks. Cultures are sub- 
fa cultured fortnightly by diluting the culture 2x or replacing tiie medium by fresh liquid medium A (Table 1) supplemented 
witii 4 mg/l 2,4-D and 0.1 mg/l kinetin. After 8 to 10 weeks pro-embryogenic masses appear. PEMs are multiplied by 
furtiier sub-culturing as described above. PEMs are collected by sieving tiie suspension as described in example 5 
except that the nylon mesh pore sizes used are 50^m and 250^m. The PEMs are cultured on auxin and cytokinin free 
medium A (Table 1) supplemented as above and developed into single somatic embryos. 

55 

Example 12; Initiation of Embryogenic Pelargonium PEM Suspension Cultures 

[0068] Seeds of Pelargonium, (cv Pulsar red of Sluis en Groot) are surface sterilised witii 70% solution of ethanol (for 
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2 minutes) and a 1 .5% solution of sodium hypochlorite (lor 30 minutes), then washed thoroughly with sterile water (3x) 
Pelargonium seeds are gemiinated on moistened paper for 7 to 14 days at 23° C. TTie cotyledons from the germinated 
seed are used as explant material. 6 cotyledons are cultured in 10 ml of liquid medium A (Table 1) supplemented with 
4 mg/l 2.4-D and 0.1 mg/l Wnetin on a rotary shaker at 100 rpm in the dark at a temperature of 23* C The culture is 
diluted 5x with liquid medium A (Table 1) supplemented with 4 mgfl 2.4-D and 0.1 mg/l kinetin to 50 ml after one week 
CuHures are sub-cultured fortnightly by diluting the culture 2x with liquid medium A (TaWe 1) supplemented with 4 mg/i 
2,4-D and 0. 1 mg/l kinetin or replacing the medium with fresh medium A supplemented as described above. 
[0069] After 4 to 6 weeks pro-embryogenic masses appear. PEMs are multiplied by further subKailturing as described 
above. PEMs are collected by sieving the suspension as described In example 5 except that the nyton mesh pore size 
used IS 250Mm and SO^m. The PEM ftactton of 50-250 (un gives rise to predominantly single somatic embryos PEMs 
are cultured on auxin and cytoWnin free medium A (Table 1) and develop into single somatic embryos. 

Example 13: Multiplying PEM Biomass in Bloreactors 

[0070] 4 x 8ml PCV is collected from cucumber PEM suspension cultures subcultured as described in example 5 and 
inoculated into 4 Uoreactors (Applikon Dependable Instruments B.V.) comprising two conventional 2 1 bloreactors fitted 
with impellers, and two bloreactors fitted with vibromixers commercially available from Chemap AG, each containina 1 
I median A (Table 1) supplemented with 10 mg/l 2,4-D and 0,5 mg/l kinetin. Air is sparged into the vibromixer reactors 
via a ISnm porous sparging device located at the end of the vibrator shaft positioned towaids the bottom of the reactor 
. oII«!I:„ dissolved oxygen concentration in one of the vibromixer reactors is determined at 40%. and in the other 
at 97% following standard techniques known in the art VertlcaBy positioned Vibromixers are operated at a frequency of 
50 Hz and a maximum amplitude of ±6 mm. The vibromixers are positioned such that the vibrating motion is in the ver- 
tica^ plane and horizontal motion is kept to a minimum. Stin-ing discs are fitted on the end of the vibrating shaft such that 
fluid IS directed in a current loop drawing the cell suspension from the periphery of the reactor vessel towards the base 
and then upwards. 

[0071 1 Air is sparged into the conventional bloreactors at the bottom of the btoreactor via a sparging tube f itted with 
IJ^^ paous sparger. Dissolved oxygen concentration is determined as per the above at concentrations of 40% and 
97% respecbyely. Stirring speed of the impelter is maintained at about 150 rpm ±50 rpm. 6 days after inoculation dou- 
I3ling time is determined. PEMs are sieved from the PEM suspension and PEMsAnI PCV are detennined as descrbed 
in example 5. 

[0072] The use of vibromixers gives rise to greater numbers of PEMs per unit volume (Table 2; Figure 1). 



Table 2 



Apparatus (Days) 


Doubling Time 


PEMs/ml PCV 


Impeller (40% DOa)^^) 


2,3 


200 


Impeller (97% DO2) 


2.7 


620 


Vibromixer (40% DO2) 


2.8 


2284 


Vibromixer (97% DO2) 


3.3 


3710 



(1) DO2 = Dissolved oxygen 



ExaiTffl^ 14: Multiplying PEM Bkimass In Vibromimr Bloreactors 

[00731 2 x 8ml PCV is collected from cucumber PEM suspension cultures subcultured as described in example 3 and 
inoculated into two vibromixer bioreactors (Applikon Dependable Instruments B.V) comprising two 2 1 bloreactors fitted 
with vibromixers commercially available from Chemap AG. One bioreactor contains 1 I medium A (Table 1) supde- 
rnented wrth 10 mg/l 2.4-D and 0.5 mg/l kinetin. the other also contains 1 1 of medium A supplemented as abovevrfth 
the eweption ttiat tiie sucrose concentration is at 55g/l. Air is sparged into the vibromixer reactors via a 15um porous 
sparging device located at ttie end of the vibrator shaft near ttie base of tiie reactor chamber. The dissolved oxygen 
concentration is determined at 97% following standard techniques known in the art. Vibromixers are operated at a fre- 
quency of 50 Hz and a maximum amplitude of ±6 mm. The vibromixers are positioned such that the vbrating motion is 
in ttie vertical plane while lateral or horizontal motion is kept to a minimum. Stimng discs are fitted on the end of ttie 
vibrating shaft such that fluid f k)ws in a cun-ent loop drawing ttie cell suspension from ttie periphery of ttie reactor vessel 
towards ttie base and ttien upwards. f f j vw«,ei 

[00741 6 days after inoculation doubling time is determined. PEMs are sieved from tiie PEM suspensnn and PEMsMH 
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PCV are determined as in example 5. Results are shown below In Table 3. 



Table 3 



Apparatus 


Doubling Time (Days) 


PEMs/ml PCV 


Vibromlxer (97%. 20 g/l sucrose) 
Vibromixer (97%, 55 g/l sucrose) 


3.3 
2.9 


2284 
6000 



10 

Example 15: Comparison of Viability of PEMs over time from Stirred Bioreactors versus Vibromixer Bioreactors. 

[0075] 3 X 8ml PCV is collected from cucumber PEM suspension cultures subcultured as described in example 5 and 
inoculated Into 3 bioreactors (Applikon Dependable Instruments B.V.) comprising one conventional 2 I bioreactor fitted 
IS with an impeller containing 1 1 medium A (Table 1), supplemented with 10 mg/l 2.4-D and 0,5 mg/l kinetin. and two bio- 
reactors fitted with vibromixers commercially available from Chemap AG, one containing 1 I medium A supplemented 
as above and the other also containing 1 1 medium A supplemented as above with the e^^eption that the sucrose con- 
centration is at 55g/l. 

[0076] Air is sparged into the vibromixer reactor via a 1 5^m porous sparging device located at the end of the vibrator 
20 shaft towards the bottom of the reactor chamber. The dissolved oxygen concentration in the vibromixer reactor is deter- 
mined at 97% following standard techniques known in the art. Vibromixer is operated at a frequency of 50 Hz and a 
maximum amplitude of ±6 mm. The vibromixer is positioned such that the vibrating motion is in the vertical plane and 
horizontal vibrating motion is kept to a minimum. Stirring disc is fitted on the end of ttie vibrating shaft such that fluid 
flows In a current loop drawing the cell suspension from the periphery of tiie reactor vessel towards tiie base and then 
25 upwards. 

[0077] Air is sparged into the conventional bioreactor at the bottom of the bioreactor via a sparging tube fitted witii a 
15^m porous sparger. Dissolved oxygen concentration is determined as per the above at a concentration of 97%. Stir- 
ring speed of tiie impeller is maintained at about 150 rpm i50 rpm. 

[0078] PEMs/ml PCV is determined at tiie start of culturing and doubling time is determined at 6 and 14 days as 

30 desaibed in example 5. 

[0079] Results show that the number of PEMs in a stirred bioreactor decreases significantly over time, whereas the 
number of PEMs in a vibromixer remains almost constant over time at a sucrose concentration of 20 g/l. PEM numbers 
are shown to Increase up to 3x witiiin 6 days at a sucrose concentration of 55 g/l (Table 4). 

35 

Table 4 



Apparatus 


PEMs/ml PCV 




DayO 


Days 


Day 14 


Impeller (97%. 20 g/l sucrose) 


2300 


800 


40 


Vibromixer (97%, 20 g/l sucrose) 


2300 


2300 


2280 


Vibromixer (97%, 55 g/l suaose) 


2300 


6000 


6000 



45 

Example 16: Development of PEMs into Torpedo Stage Somatic Embryos In Bioreactors 

[0080] 2 X 100.000 sieved PEMs are collected from cucumber PEM suspension cultures subcultured as described in 
Example 1 5 (55 g/l sucrose in vb /97% Do2) and inoculated into 2 bioreactors (Applikon Dependable Instruments B. V.) 

50 comprising one conventional 2 1 bioreactor fitted with Impeller, and one bioreactor fitted with a vibromixer commercially 
available from Chemap AG, each containing 1 I MS medium containing 20 g/l sucrose, and ABA at a concentration of 
5.0^M. Oxygen is sparged into tiie vibromixer reactor via a 1 5^m porous sparging device located at the end of the vibra- 
tor shaft positioned near tiie base of the reactor chamber. The oxygen concentration in the vibromixer reactor is deter- 
mined at 97% following standard techniques known in the art. The vil:>ronvxer is operated at a frequency of 50 Hz and 

55 a maximum amplitude of ±6 mm. The vibromixer is positioned such that the vibrating motion is in the vertical plane and 
horizontal motion is kept to a minimum. The stirring disc is fitted on tiie end of tfie vibrating shaft such ttiat fluid flows in 
a current loop drawing tiie PEMs from tiie periphery of tiie reactor vessel towards tiie base and tiien upwards. 
[0081] Oxygen is sparged into the conventional bioreactor at the bottom of tiie bioreactor via a sparging tube fitted 
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w* a 1 Spm porous sparger. Dissolved oxygen concentration is detennined as per the above at a starting concentration 
"^-^ IT"*^"^ to fall over 7 days to 30% ± 5%. At day 8 the dissoh/ed oxygen concentraJ<«Ts r^^J^JS 
maintained at that level. Stirring speed of the inpeller is maintained at atwut 190 rpm ±5 rpm '^^^^^ 
[0082] The conventional bioreactor has a PEM to full grown, usable torpedo staoe somatic emhrvn ri<«oionmon» »«• 
ciency of between 1 0-15%. The vibromixer bioreacta iL a PEM to Wl ?^T?blTCedo^e SmS^S^^^ 

eryJs^VrlSpTh^^^^^^^^^ 

[0083] example 2 are converted into plantlets by placing the somatic embryos on oottina soil After farmfl«o„ 
fir^leaf plantletsare transferred to thegreenhouseandgL,tomaturity.R^ 

g^^c^sri^tr^^^^^ 

Example 18: Genetic somaclonal variation in cucumber plants derived Itam somatic embryos 

[0084] Somatic emtoyos of example 6 derived from F1 hybrid plants are converted into plants on Sorbarod oluos 

i^areSrtotS^eS ' '^^^ 

Example 19: Conversion of Cucumber Somatic Embryos into Plants 

!°if^' . Cucumber PEMs are multiplied in bioreactois equipped with Vibiomixers at low Hght intensities sieved mo 

150 Mm) and inoculated in Erienmeyer flasks at a density oi 5000 PEMs/50 ml I^S mediurHi^SemStSh S n;i 

sucrose and 5 ABA. PEMs are split into tm (2) batches which are further develop^ in SN aS^^tS dSc to 

somabcemtjryos. Somatic embryos from both batches areconverted into plartsin'he 

^ "^^^ embryos'derived from PE^TSuTe^^^^ 
higher than Ibr somadc embryos developed in the light Table 5). "inurea in me oarK is 



Tables 



light condition 
rate 


overall torpedo to plant 
conversion [%] 


light 
dark 


28.6 
62.7 



EafflB!&20 PEM aggregate size in relation to Ibrmation of single torpedos suitable tor conversion to plants. 

mg/l 2.4-D and 0 5 mgfl kinetin (at a PEM concentration of SO ml PCV/I) is sieved on nylon nJ^^^JZll 
eventeto Obtain three different sized PEM fractions: 100-150^ 150-200^. anizZTSoT^oZ!^^ 
jspjormedat initial PEM concentrations of about25.50PEMsAnl in MSm^^^^ 

dev^ent culture the number of torpedo stage embryos is assessed under light micros^The nuX of s^oS 
tojpedos 18 assessed in relation to the number of multi-torpedos. The torped«^EM 

lOOjim in size does not contain PEMs. Results are shown in Table 6 * 



TABLE 6 



Sieve fraction size (^m) 


% Single Torpedos as a 
percentage of total 


100-150 


85 
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TABLE 6 (oontinued) 



Sieve fraction size (pm) 


% Single Torpedos as a 




percentage of total 


150-200 


20 


200-250 


5 



single embryos are separated out from the lOO-ISO^m size fraction manually, and converted into single plants. 
Claims 

1 . A batch of somatic embryos comprising somatic embryos which have substantially all the same ploidy leveL 

2. A batch of somatic embryos according to daim 1 comprising between several hundreds to tens of thousands 
somatic embryos which have substantially all the same ploidy level. 

3. A batch of somatic embryos according to any one of claims 1 or 2, which is a suspension of somatic embryos from 
which liquid media has been drained and wherein the somatic embroys are placed in a suitable container. 

4. A batch of somatic embryos according to any one of claims 1 or 2, wherein the somatic embryos have been sub- 
jected to a desiccation process. 

5. A batch of somatic embryos according to any one of claims 1 or 2, wherein the somatic embryos are pelleted. 

6. A batch of somatic embryos according to any one of claims 1 or 2, wherein the somatic embryos are encapsulated 
in a gel. 

7. A batch of somatic embryos according to any one of claims 1 to 6, wherein the somatic embryos are diploid. 
& A batch of somatic embryos according to any one of claims 1 to 6. wherein the somatic embryos are tetraploid. 

9. A batch of somatic embryos according to any one of claims 1 to 6. wherein the somatic embryos are derived from 
dicotyledonous explant material. 

10. A batch of somatic embryos according to any one of daims 1 to 6, wherein the somatic embryos are derived from 
monocotyledonpus explant material. 

11. A batch of somatic embryos according to any one of claims 1 to 10, wherein sard somatic embryos are selected 
from the group consisting of Cydamens, Cucurbits. Lycopersicons. Alliums. Begonias. Betas. Primulas, Brassicas. 
Capsicums. Cichoriums, Gerberas. Impatiens, Lactucas, Oryzas. Pelargoniums. Petunias. Violas, and Zeas. 

1 2. A batch of somatic embryos according to 1 1 . wherein said somatic embryos are selected from ttie group consisting 
of Cydamens. Cucurbits, Betas, Brassicas, Violas, Pelargoniums, and Capsicums 
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Figure 1 
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